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75\- ABSTRACT

Existing facilities at McMurdo Station are 1960s and 1970s legacies of the original station developed by the US Navy in an era when the cost of energy was extremely low, and the resources to
support the military presence operating the station were seemingly unlimited. The station development at that time was predicated upon quickly accommodating a large human footprint required
to launch and support a growing population of both support staff and scientists. The need for expediency drove planning efforts, and readily available non-site-specific materials were incorporated
into designs and construction, with little or no consideration for long-term energy or operational efficiency...or the unique environment of the station. Those early plans and designs resulted in
energy-inefficient facilities, necessitating large amounts of fuel to be continually shipped to Antarctica to heat and power them. However, at the time, fuel costs and shipping it were considered
inconsequential.

After the many decades that the Navy operated McMurdo, the US National Science Foundation assumed responsibility for the station, inheriting a portfolio of facilities, utilities, and infrastructure
that were beyond the end of their useful lives and were simply outdated. Over time, the cost of fuel and its delivery increased, as did the facilities’ maintenance and repair costs, which translated
into more of the Program'’s operating budget being directed to support these requirements. A “reset” was authorized to contain these ever-increasing maintenance costs, with a master planned and
strategically sequenced rebuild effort of replacement facilities. Discussed here is one of them, the Lodging Facility, which is currently under construction. The Lodging facility is a stand-alone
building that includes single and double rooms, which will be constructed on-site, using a Design/Build approach and one of the first replacement facilities planned for the station.

To ensure energy efficiency in the design and construction of this and the other new buildings, various comparative methods were used, including benchmarking of other national programs’
buildings, evaluating current and emerging energy codes, construction materials, and fabrication and delivery techniques, comparing building envelope options, not limited to walls, roofs, and
floors, but also doors, windows, louvers and other building skin penetrations that contribute to energy loss. In addition, various heating and lighting strategies, along with other building systems,
were evaluated and considered to determine cost-effective solutions for energy reductions in the replacement facilities. Below are some of these considerations.

Z=a METHODOLOGY: Component/System/Assembly Evaluation |[Formal Pre=design Studies | | romces | PERFORMANGE CATERIA

To ensure energy efficiency in this and the other new buildings, various N\— TEMPERATIAE  oETERMIED oY ENERAY MODEL
studies were accomplished with comparative methods being used, o gl | @ DESION cRiTERIA ? o s
. . . . , A M ) 0.1PERM | NA | NA
including benchmarking of other national programs’ buildings, — oo WIND  STRUCTURAL REQUIREMENTS
G 150 MPH YES | N/A | YES
evaluating current and emerging energy codes, construction materials, BENCHMARKING — & FIRE S s e e
fabrication and delivery techniques, comparing building envelope —{——@  ENVIRONMENTAL oy gur s 7en0 ozone bepLETION
CORROSION RESISTANCE
options, not limited to walls, roofs, and floors, but also doors, windows, compoNENT RescaRcH —A ST oo e
T . . . | e §5 CATAGORIZED AS EXCELLENT
louvers and other building skin penetrations that contribute to energy - | I ABRASION WATERAL AT
I I ddt . h t d I ht t t ' d th ﬁ?ﬁﬁﬂ%ﬂfgﬁ) g'II'UDY 77777777777777777777777777777777 i | __FRAGTUHE TOUGHNE;;_
0sSS.INnd Ition, various neating ana lgntng strategies and other HODERIZATICN S TOR COMPONENT EVALUATION . & HUMAN WEAR R el
building systems were evaluated and considered to determine cost- - e | g CCOUIETELIY| LS bn e
effective solutions for energy reductions in the replacement facilities. 7 L 2P i AESRMEEY BECOMBRATION m;—'@‘ AESTHETIES

Below are some of these considerations. |
Credits: NSF

..and a sample of a ranking matrix
MCMURDO EVALUATION CRITERIA EXPLANATION OF RANKING
CATEGORY HIGH Low hﬂtMurdo Station Modernization - Building Shell and Fenestration Study - Matrix of Design Options W' d
De Construction Cost INAQOWS
OFF-SITE CONSTRUCTIBILITY Skills and techniques suited to stan- | New techniques & tools required . . —
dard factory means and methods S 8 %
FIELD CONSTRUCTIBILITY Use of simple labor and equipment Highly skilled labor & special equip- 5 z 5 o & |
ment T E " 'é ” g LT = B 3 _EOoEZ 2 & . 0N\ oaorlksgetwesn
QUALITY CONTROL Tight tolerances and consistency Materials prevent consistency tight § E = é 2 % H 5 i"& 3 2 g g g g 2 )
readily achievable tolerances and g g f % % E_ § 2 ZE : : 3 E 358 = E = - = H
ABILITY FOR NON-STANDARD CONSTRUC- [ Pre-assembly of components into Components require Labor intensive E £ 5.% E a % = ; = 2 % é% =z £ ”E é 5 g 2 f, 2 ? s Y 2 F E 8o E - %3
TION large building blocks assembly 2 ?_1-' %—T_“ ; = :i: E E 2 g = 3 2 «'_; g ; ; “g 5 %’% T3 Y 38 g £ § 5 S g t g EZ E g - &
FIELD WORKABILITY Ability o make in the field corrections | Corrections require time cand special g g EL § E] 3 s é % 2 _é. 'g ?'t 2 L 5Z8 ¢ g E g E 2 z E E Z : £z .'T’ L5 E B g f %’ 5 £ _é z
personnel | i iteri LZS“ELLEF;E_EEBEQ:??U; 2z S &d5qau = = = o g < O & o o g‘?\g Key
LABOR SAVING CONSTRUCTION Smaill teams erect large sections Large teams erect smaill sections .l . 5555444444444 333313233323371 2 2 5 4 4332 2 2 11 4433 Evaluati iteria
SHIPPING EFFICIENCY Mu\iip|e as_semb“es fit within ship- _Bu\k)( he_avy unils_lhcd don'tstack or fit | | BuildingSystems and Componen = DesgnSysems / Options
p\ngkcorﬂc:lners m sh\pplng containers 1.0 Componen ts A Excellent
CONSTRUCTION DURATION Weeks Seasons ladding £ Positive
CONSTRUCTION EQUIPMENT REQ'D Readily available equipment used in | Special large equipment imported fo Steel (mill finish) LV ALAA~-L-A-LA-LAVDAYVL $6.00  58.00 abLLb-AL-L- LLLA D Newnl o
off-loading ships used in construction | work Stegltpalmedﬂnlm] A v [= A A A - 'y FaN.N LLbAL v VA $5.00 58.00 A L4 A I:> A - - LLh A 7 Negative U/7<
ENVIRO. IMPACT DURING CONSTRUCTION | None Requies confolled anirorment o o ered) P S Sl ool G A A IRl AR B e s gy, n, N
vilel andl or special breathing appa- Aluminum {mil finish) AV D ALAM~N~A~AA~AAATATYA 5500 51200 AR AAD ~ AA~A AAA A Disqualifyer /)
ebos 1 Aumium (anodiz ed) AT AN A A~ Avw h=wAh~AAAANATEA $6.00 51500 AAAAD ~ AA~A ANAA Highest Priarity o {’\[ » L /70/)7
MARKETPLACE AVAILABILITY Several sources for product Proprietary Aluminum (painted) AT AL AM~L~A~AD~ALAADPATYA $475  511.00 ADNAD ~ AL~ A AANA Lowest Priority Isp T é\,,q G e, S0y 4. 80 % o Vo, 78 " g, 00/75
FIELD CONSTRUCTION WASTE None All products are cut in the field Copper M i i m s T b CO/?,J/C/GG/; N O, *)//};% /4 A f"q% 0y ' Yss S, ds/% S ts
ne ok SAAS o e tooobAVE o : - coo¥b oo a coas A, W 20 Uy o Ty 08 g Yy, Me,. . S 7O
7 AV A A - S - Amw WAMNATA v 54, %61 B ATT ~ Ao~ A T A O (s) =) ‘W /) /) 7 Ql.\/ (S &5 /a
REPEATABILITY Basic skills & material available to Requires special skills & staff gf;f?ein‘f]::ned Plastics Panel Lok A V AV : ~ A : - : A~ AL AATA : A 34.28 5?.33 T ATVY LA~ : A~ A TV /7)«{7%/,7 Oy, s, 7797'9/[739. LqSS s G“lﬂ&&‘ff))~$r S, Q/]CG }(V. ]77 /hfg 7 /7}(5; {, o 9
staff Concrete VA ADAAL~A~A~TVA~DPAPAAAALD 51800  $27.00 PEPAVA~AA~A TVV A s .’Q/o/r\. .. S 9 “’/7% 2 5 (’/7‘9/”'78 G . /7/“0( 6.7/7 "V/'//; Q/}”O A'70r
CREATE FUTURE PENETRATIONS Cutting & sealing by staff s ool e & el elE EFDM Vaa DYDA-LA~A-DD>~AVAAYDTVA $300 5425 ADAAV-VA-A Arana S ing ”’t-x Co s, U '77//(” Qe S Y9k, ", /A ©
SUPPLIER TRACK RECORD Products stocked and warranted Custom fabrications by small, young TWPSO (kiln dried) ; . I [;, B.:I - : T 4 : : l.'_;: : B‘ ‘. : : _ " ; |‘> 2 gg iggg A E o I l.; s : N : I . I rb 70 ./ ,}fnfv" = X
companies - - - N - ’ T - : -0 = - - - - L i 7
MAINTENANCE/REQ’D EXPERTISE Simple procedures & products Complex procedures with specialized B. Vapor Barrier ¢ 4 G,
products Measured in Perms AT Ao A~ ATV~ s013  50.13 ST T T o A vy - e
AsT Method A and Method A~ AL “ T o~ LA~ AT - 5005 5020 ~ AT AL A~ A v T o~ 7
A~ AL N T e LA A e T 5025 5150 ~AVANA-A v T o~
d f 00 f k T - A e B R ~DAAT A~A AL~
T o~ A A ~ W~V A~T - T 5030 $0.30 ~ T AT A~ A L4
e e Inltlon O ran Ing AN Y =LA AT - TY in other systems VA YvY -~
Aw T ow o= o~ A R S in oth AWATA~T v T o~
Aw Ao~~~ A>T ~TW :ﬂﬁhiﬂiﬁ BEEVE~A \A
VoW~ A LA~ W o~ [ koo in ather systems AWATVAL T~~~ ~ Vv o~
T AA~ W VAT T 50.07 50.14 ~ DTV AT A~ LA~ L4
which led to a series of " i - po-a-pT o ws ppaip-o
as FANE NN -~ ~ [ A Vo g . ¥ > [ A A ~ [~~~ v V>
e ASTM E2178 A~ A ~ R e e NN T s0.72 PAATDE ~DE B > [
d t- ASTM M ES6 Sprayed Polyurethane Foam (Med Density) (< 0.004) N~ AT - ~ WL o~ kT e e e~y o~ in other systems "W A~ VOV b
Mechanically Fastened Building Wrap (< 0.05) Aow T T e R B N TR 50.15 502 VAADR -~ Ve
recommenaations. e e PRl A O
Adhesive Backed Building Wrap (< 0.01) e [ T A R TR 50.22 BPVAAR ~BB~=~~ TV
Insula Cost/R-Value
Thermal \ialue (a1 -15d 0am - EPS Al ~ A =T = A~ = AT A om o= oo Ao e [ v 5108 AAAD A~~~ ~~ A > A A - 06 oam - EPS
.......... Ps Al w Ao~ A~ o~ AT Ao~ oo o v AAAD A ~ A~ A~ 04 Rigid Foam - GPS
Rigid Foam - XPS AD ~A~T ~A~~ATVA~ =~~~ A=~~~ s v 5157 AAAD A~ ~ A~ D>AA-~ 10 Rigid Foam - XPS
Alternative 1: METAL-CLAD SIPS COST ANALYSIS Alternative 1: METAL-CLAD SIPS COST ANALYSIS L Rigid Foam - Polyisocyanurate AvV-aA~A-A- - AAA" - As s =z 5202 ALAD A- A~ DAA- 08 Rigid Foam - Polyisocyanurate
mmmmmmm - Phenolic TA Lo A Ao AAT oo o e wmT 5170 AAA>A-~ ~ A~ D>AA-~ Rigid Foam - Phenolic
Rigid Board - Polyurath AA=/ =/~ h=~Ahh===n/=o=no«= v 5175 AAAD A~ ~ A~ [>AA-~ 09 Rigid Board - Polyureth
Sﬁlav-ln.Foam?ﬁnen:?: mmmmmmmm ) T : - : ~ [ - 5 ~ ~ A A Z """""""""" A 51.10 AV V A Vo~ Vo~ A W _ Vo~ 16 S|I)grI aaaaa .Foam-lc\rnen:?:' mmmmmmmm ) . .
ot Fergs DY-V-ATV--AAv----A----Js s tinoas An ala e rierges Each component was listed and evaluated as alternative.
[y T ogvasererassosssosessesy i 1 [ Batts - Cotton Batts VT o~ T AT AAT o o Ao oo g A 50.90 AAD A A~ ~ A~ ALA Batts - Cotton Batts . 9 9 9
| — oce VUoTrisv-caav----Te--BT s TUTTA--T-cA- A oo Here is a sample listing of windows and glass types:
\!WWI II Flexible Non-Organic Polyurethane WA~V ~ & ~ &~ ~TTT~ o~ on =~~~ v A A NS A~ L A N Flexible Non-Organic Polyurethane °
[ B Aerogel Insulation YA~V ~A~A~~AAh~~~~h=~=~=~o~f= A $320 51500 AAAL A~~~ -~ v \ A Aerogel Insulation
| A mmmmEme | Vacuum Insulsted Panel VA~T =T ~Ah~~AhL~===F=oooo v 51000 51200 ATAYY - ~ 7~ WY~  Vacuumlinsulated Panel
—
L 5 R NN £
[l <]
I =
| L|_. B
RSIISIINK, I| B
ittt 1 | '
oesetesesetetete%s I M I > ¥ MCMURDO STATION MODERNIZATION STUDY | APRIL 29, 2016
Dotetetotedeledeteted dk 1 : 114
Retesetetesotesesetel Ndk |
Retateretetetateresed M 1 ]
SRLRSEEEESEI N ! : .
e sssistesste | |—| 1 Credits: NSF
i $ .
[ E = B R AR L,
3
LOwW HIGH
$19.15 $29.05
E E RE S U LTS o Exterior Wall - 8" Polyurethane (PUR) Structural Insulated Panels (SIP) at R-8/inch
After all viable solution re thoroughl luated, NSF and our ' Fertor il
er all viable solutions were thoroughly evaluated, and ou vl
L] L] (]
partner experts selected building components, assemblies, and systems Outside A Film| 07
that would best meet requirements and result in energy and Vietal Wall Penetl_203
8" of R-8/inch| 64.00
L] L] L] L] (] L] .
operationally efficient facilities. Included were especially strong thermal 5/8" Gyp Board| 056
L] L] L] L] L] L] L] L] L] H . .
Inside Air Film| 0.68
envelopes, elimination of thermal bridging, and assemblies eliminating s |
M . . . . . . | " ; = —— JE——
[ : i | = e ————
. J 3 e - - . =re
condensation inside the building on exterior surfaces. Energy modelin | _. — RValue 6541  (f2F-hr)/BTU
) ‘ P - — =
was then accomplished on the proposed designs to determine initial 8 | , 1 W | E— UFactor 0015 BTU/(ft"<Fh)
1 n = i ! ‘
IR > ‘ S —

= ¢ Roof

and operational costs for the life of each of the buildings.
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Credit: NSF ‘e

Ben Roth, NSF Facilities Engineering Projects Manager
broth@nsf.gov

U.S. Antarctic Program | www.usap.gov




	Slide 1:                                               

